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Abstract
The constituent quark model can explain the strong selectivity of theNη decay branch-
ing ratios of the nucleon resonances if the fine structure interaction between the con-
stituent quarks is described in terms of Goldstone boson exchange. This chiral quark
model predicts that the resonances N(1535), N(1710), Λ(1670), Σ(1750), which have
mixed flavor and spin symmetry [21]FS[21]F [21]S wavefunctions in lowest order, should
have large Nη branching ratios, while Nη decay of the other resonances that have different
flavor-spin symmetry should be strongly suppressed in agreement with the experimental
branching ratios.
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The relative magnitudes of the experimental Nη branching ratios of the nucleon res-
onances reveal a number of outstanding and peculiar features [1, 2]. The most notable
is the size of the large (30-50%) branching ratio for Nη decay of the lowest L = 1,
JP = 1
2
−
resonance N(1535) in comparison to the very small (1%) Nη branching ratio of
the N(1650), which is the following resonance with the same quantum numbers. A similar
feature is seen in the spectrum of the Λ, where the large (15-35%) branching ratio for Λη
decay of the L = 1, JP = 1
2
−
Λ(1670) resonance is followed by a very small or vanishing
Λη decay branching ratio of the Λ(1800). In contrast the Nπ and NK¯ branching ratios
of these resonances show no comparable strong selectivity.
We here suggest a simple explanation for this strong selectivity of the Nη decay
branching ratios, and of the similar selectivity of the corresponding Λη and Ση branch-
ing ratios of the Λ and Σ resonances that is based on the delicate interplay between the
fine structure and effective confining interactions for the quarks, which obtains when the
former is described in terms of Goldstone boson (pseudoscalar meson) exchange between
the constituent quarks [3, 4, 5]. Before proceeding we note however that some of the
notable differences in the size of the η decay branching ratios do have obvious phase space
explanations. Thus the very different Nη branching ratios between the N(1535), 1
2
−
and
the N(1520), 3
2
−
resonances can be explained by angular momentum considerations alone:
the Nη decay of the N(1520) is suppressed simply because the D-wave production mecha-
nism that is required for this decay is suppressed in the neighborhood of the Nη threshold.
As the corresponding N(1535) → Nη decay involves an S-wave production mechanism
it is not suppressed. No such phase spase based explanation is however possible for the
suppression of the Nη decay of the N(1650), which has the same quantum numbers as
the N(1535).
The conceptual framework for describing the fine structure interaction between the
constituent quarks in terms of the flavor dependent pseudoscalar octet exchange interac-
tion between the constituent quarks [3, 4, 5] is the two scale framework for QCD with 3
flavors [6]. According to this the appropriate degrees of freedom for describing the dy-
namics between the chiral symmetry spontaneous breaking scale Λ−1χ ∼ 0.2 -0.3 fm and
the confinement scale Λ−1QCD ∼ 1 fm are constituent quarks and the octet chiral fields. It
was shown in refs.[3, 4, 5] that a phenomenological flavor-spin interaction between the
constituent quarks of the form associated with the pseudoscalar octet exchange leads to
a remarkably good description of the known part of the spectra of the nucleon, ∆ and
the strange hyperons. The coupling between the constituent quark and the pseudoscalar
mesons, in this case governs the structure and content of the quark sea has also been
shown to resolve several of the problems that in the naive quark model are associated
with the strangeness content of the proton and the proton spin structure as measured in
deep inelastic lepton-proton scattering [7]. The exceptional importance of the the octet
of light pseudoscalar mesons is their nature as the Goldstone bosons of the approximate
chiral symmetry of QCD. We shall show that this model for the fine structure interaction
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between the constituent quarks implies a clusterization into quark-diquark configurations
in baryon states with mixed flavor symmetry with different quantum numbers and sizes of
diquarks in different baryons, and that this clusterization provides the sought explanation
of the selectivity of the branching ratios for η decay of the baryon resonances.
Following [4, 5] we shall describe the effective confining interaction between the con-
stituent quarks by the harmonic oscillator potential
Vconf = V0 +
1
6
mω2
∑
i<j
(~ri − ~rj), (1)
where m is the mass of the constituent quark and ω is the angular frequence of the oscilla-
tor interaction. The unperturbed eigenvalues and eigenstates of the 3-body Hamiltonian
with the quark-quark interaction above are
E0 = 3V0 + (N + 3)h¯ω, |N(λµ)L[f ]X [f ]FS[f ]F [f ]SY T >, (2)
where N is the number of excitation quanta in the state.
The spatial part of the three body wave function is determined by the following quan-
tum numbers: N, (λµ), L, [f ]X. Here we use the notations of the translationally invariant
shell model (TISM) [8]. The Elliott symbol (λµ) determines the SU(3) harmonic oscillator
multiplet and L is the total orbital angular momentum. The spatial permutational sym-
metry of the state is indicated by the Young pattern [f ]X , where f is a sequence of integers
that indicate the number of boxes in the successive rows of the corresponding Young pat-
terns. The [f ]F , [f ]S and [f ]FS Young patterns denote the permutational flavor, spin and
combined flavor-spin symmetries respectively. Note that the totally antisymmetric color
state [111]C, which is common to all the states, has been suppressed in (2). By the Pauli
Principle [f ]X = [f ]FS. All the required wave functions are given explicitly in [9].
The explicit zero order wave functions (2) for the nucleon , the N(1535) and the
N(1650), which have the symmetry structures |0(00)0[3]X[3]FS[21]F [21]S112 >,
|1(10)1[21]X[21]FS[21]F [21]S112 > and |1(10)1[21]X[21]FS[21]F [3]S112 > respectively are
ΨN =
1√
2
ϕ000(~r12)ϕ000(~ρ)
×
[
|S12T12 = 00, S3T3 = 1
2
1
2
: ST =
1
2
1
2
> +|S12T12 = 11, S3T3 = 1
2
1
2
: ST =
1
2
1
2
>
]
,
(3a)
ΨN(1535) =
∑
M,MS
1
2
< 1M
1
2
MS|1
2
MJ > {ϕ000(~r12)ϕ11M(~ρ)
×
[
|S12T12 = 00, S3T3 = 1
2
1
2
: ST =
1
2
1
2
> −|S12T12 = 11, S3T3 = 1
2
1
2
: ST =
1
2
1
2
>
]
2
+ϕ11M(~r12)ϕ000(~ρ)
×
[
|S12T12 = 01, S3T3 = 1
2
1
2
: ST =
1
2
1
2
> +|S12T12 = 10, S3T3 = 1
2
1
2
: ST =
1
2
1
2
>
]}
,
(3b)
ΨN(1650) =
∑
M,MS
1√
2
< 1M
3
2
MS|1
2
MJ >
×
{
ϕ000(~r12)ϕ11M(~ρ)|S12T12 = 11, S3T3 = 1
2
1
2
: ST =
3
2
1
2
>
+ϕ11M (~r12)ϕ000(~ρ)|S12T12 = 10, S3T3 = 1
2
1
2
: ST =
3
2
1
2
>
}
. (3c)
Here S12,S3 and S denote spin of the particle pair (1 2), the particle 3 and the total spin
respectively. T12, T3 and T denote the corresponding isospins. The Jacobi coordinates ~r12
and ~ρ are defined as:
~r12 =
~r1 − ~r2√
2
, ~ρ =
~r1 + ~r2 − 2~r3√
6
. (4)
and finally ϕnlm are the harmonic oscillator functions with n excited quanta.
In an effective chiral symmetric description of baryon structure based on the con-
stituent quark model the coupling of the quarks and the pseudoscalar Goldstone bosons
will (in the SU(3)F symmetric approximation) have the form igψ¯γ5~λ
F · ~φψ, where ψ is the
fermion constituent quark field operator, ~φ is the octet boson field operator, g is a flavor
independent coupling constant, and ~λF are the SU(3) flavor Gell-Mann matrices. To
lowest order in the nonrelativistic reduction for a constituent quark spinor this coupling
will (neglecting the recoil correction) give rise to the following vertex operators:
Oˆπq ≃ g
2m
~τ~σ · ~qei~q~r, Oˆηq ≃ g
2m
λ8~σ · ~qei~q~r, (5)
where ~τ are isospin Pauli matrices and ~q is meson momentum. As λ8 is diagonal η-
absorption or emission does not change the quark flavor.
With the operators (5) and the basis functions (3) the transition matrix elements
N(1650)→ Nπ, N(1650)→ Nη, N(1535)→ Nπ, N(1535)→ Nη have the form
T =< N |
3∑
i=1
Oˆ(i)|N∗ > . (6)
As all of these are of the same order and large it is impossible to explain the very strong
suppression of the N(1650) → Nη decay at this level without taking into account the
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effect of the fine structure interaction between the quarks.
In the SU(3)F symmetric approximation the key component of the effective chiral
boson exchange interaction between the constituent quarks is
Hχ ∼ −
∑
i<j
V (~rij)~λ
F
i · ~λFj ~σi · ~σj . (7)
In the description of the baryon spectrum in ref. [4, 5] the matrix elements of the inter-
action potential V (rij) in the lowest harmonic oscillator states were extracted from the
4 lowest splittings in the nucleon and ∆ spectrum, while the detailed radial behavior of
it was left unspecified. At large interquark separation the potential V (rij) will asymp-
totically behave as a negative Yukawa function with a falloff that is determined by the
appropriate meson (π,K, η) mass. At short range rij < 0.6− 0.7fm the potential will on
the other hand be positive and large in magnitude, reminiscent of a smeared version of
the δ-function in the pion exchange potential. The average strength of this positive short
range potential is given by the S-state oscillator matrix element P00 =< 000|V (r)|000 >,
which is determined by the N∆ splitting 10P00 to be 29.3 MeV [4, 5].
The flavor-spin matrix elements of the chiral field interaction in light quark pair states
with spin Sij and isospin Tij are
< [fij ]F × [fij ]S : [fij ]FS | − V (rij)~λFi · ~λFj ~σi · ~σj | [fij]F × [fij ]S : [fij ]FS >
=


−4
3
V (rij) [2]F , [2]S : [2]FS (Sij = 1, Tij = 1)
−8V (rij) [11]F , [11]S : [2]FS (Sij = 0, Tij = 0)
4V (rij) [2]F , [11]S : [11]FS (Sij = 0, Tij = 1)
8
3
V (rij) [11]F , [2]S : [11]FS (Sij = 1, Tij = 0)
(8)
The one-to-one correspondence between the flavor permutational symmetry [fij ]F and the
total isospin Tij is valid only in the u and d quark subspace.
It is instructive to compare the matrix elements of the effective confining interaction
(1) to those of the fine structure interaction in the harmonic oscillator ground state. The
former is
< ϕ000(~rij)|Vconf(~rij)|ϕ000(~rij) >= V0 + 3
4
h¯ω = 70.4 MeV, (9)
where h¯ω = 157.4 MeV and V0 =–47.7 MeV [4, 5].
The corresponding matrix element of the chiral field interaction (P00) (29.3 MeV) in the
Sij = Tij = 0 state is multiplied by the factor −8 , so that in fact
< ϕ000(~rij), SijTij = 00| − V (rij)~λFi · ~λFj ~σi · ~σj |ϕ000(~rij), SijTij = 00 >
4
= −8P00 = −234.4 MeV. (10)
As the confining interaction (1) is monotonically rising function and V (rij) in (7) changes
sign in the vicinity of rij ∼ 0.6 − 0.7 fm this comparison of matrix elements indicated
that at short distances (r ≤ 0.6− 0.7 fm) the confining interaction is weak in comparison
to the chiral field interaction. As one half of the weight of the zero order nucleon state
(3a) is formed of quark pair states with S12 = T12 = 0 the consequence of the strong
dominance of the attractive chiral field interaction at short distances in the S12 = T12 = 0
pair in the nucleon ground state the quarks will clusterize into a quark-diquark config-
uration, the latter one having S12 = T12 = 0 and being very compact. The chiral field
interaction is attractive, but weaker by a factor 6 in the S12 = T12 = 1 pair state, which
consequently will be strongly suppressed. A similar quark-diquark clustering will occur in
the ground states of the other octet baryons, where in general the compact diquark will
be characterized by antisymmetric spin and flavor wavefunctions. No such clusterization
will on the other hand occur in the decuplet baryons, as these have no quark pairs with
antisymmetric flavor symmetry.
Consider now the zero order N(1650) wave function in (3c). The quark pair compo-
nents in this state have S12 = T12 = 1 and S12 = 1, T12 = 0. In the former there is a
rather soft attractive interaction and in the latter there is a much larger repulsive one
(the matrix elements of the potential V (r) are of similar sign and magnitude in S and
in P states). The net effect of the ”pull” in the former and the ”push” in the latter will
again lead to a clusterization into a quark-diquark configuration at short distances, where
the confining interaction is weak, but in this case the diquark will have S12 = T12 = 1.
The size of this diquark will be considerably larger than that of the S12 = T12 = 0 be-
cause of the weaker net attractive clusterforming interaction in the S12 = T12 = 1 channel.
This clusterization into quark-diquark configurations with different quantum num-
bers in the baryon resonances with mixed flavor symmetry [21]F provides the expla-
nation for the suppression of the Nη decay branch of the N(1650) and for the large
Nη branch of the N(1535). Consider first the case of the N(1650). As in η decay
the isospin of the involved quark pair state is unchanged it cannot proceed through the
S12 = 1, T12 = 1 → S12 = 0, T12 = 0 transition that would connect the diquark states
in the N(1650) and the nucleon. The corresponding pion decay, in which isospin flip
is possible, can on the other hand connect these pair states. The reason for why the
branching ratio for the transition N(1650) → Nη does not vanish entirely is that the
suppression at short range of the the pair states that do not form diquarks in the nucleon
and the N(1650) is not complete. The reason for the large η decay branch of the N(1535)
is that its zero order wavefunction (3b) has components with the same spin- and flavor
structure as the nucleon (i.e. there is also clusterization with S12 = T12 = 0 diquark
quantum numbers), and hence the quark-diquark clusterization has no consequence for
the N(1535)→ Nη decay branch.
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This argument generalizes to the predictions that: (1) all baryon resonances with
[21]FS[21]F [21]S flavor-spin symmetry zero order wavefunctions and smallest possible an-
gular momentum should have large η-decay branching ratios whereas (2) the baryon reso-
nances that have [21]FS[21]F [3]S symmetry zero order wave functions should have strongly
suppressed η-decay branching ratios.
The confirmed nucleon and Λ states that are characterized by the [21]FS[21]F [21]S
flavor-spin symmetry are [4, 5]
1
2
−
, N(1535);
3
2
−
, N(1520);
1
2
+
, N(1710);
1
2
−
,Λ(1670);
3
2
−
,Λ(1690).
The J = 1
2
states of these should therefore have largeNη branching ratios. This prediction
is in excellent agreement with the corresponding empirical branching ratios, all of which
are large [1, 2]:
ΓN(1535)→Nη
Γtotal
= 30− 50%, ΓN(1710)→Nη
Γtotal
= 20− 40%,
ΓΛ(1670)→Λη
Γtotal
= 15− 35%.
The confirmed baryon resonances that have [21]FS[21]F [3]S flavor symmetry zero order
wavefunctions are
1
2
−
, N(1650);
3
2
−
, N(1700);
5
2
−
, N(1675);
1
2
−
,Λ(1800);
5
2
−
,Λ(1830).
The empirical η-decay branching ratios for these resonances do not exceed 1%, which
agrees with the general prediction above.
Among the Σ resonances only the the 1
2
−
,Σ(1750) has a large branching ratio (15-35%)
for Ση decay. This then implies the flavor symmetry of the zero order wave function for
this state should be [21]FS[21]F [21]S when the argument above is turned around. Moreover
the state with this flavor spin symmetry should on the basis of the spectral predictions in
ref. [5] be the lowest 1
2
−
state in the Σ spectrum. As a corollary the lower lying tentative
(2 star) negative parity resonances Σ(1580) and Σ(1620) are likely to be spurious. This
conclusion is of course hinged on the large empirical branching ratio for Σ(1750)→ Ση.
To summarize we have presented a qualitative explanation of strong selectivity dis-
played by the η-decay branching ratios of different baryon resonances. The explanation is
closely tied to the description of the structure of the baryons in terms of a fine structure
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interaction that is mediated by the octet of light pseudoscalar mesons, which play a spe-
cial role as the Goldstone bosons of the approximate chiral symmetry of QCD. The key
point of this explanation for the selectivity of the branching ratios for η decay is the rela-
tive smallness of the confining interaction at short range in the 3-quark wavefunctions of
the octet baryons, and consequent clusterization into quark-diquark configurations driven
by the chiral boson exchange interaction. Moreover we have proposed a definite sym-
metry assignment for the Σ(1750) and and an argument for the spuriosity of the 2-star
Σ(1580) and Σ(1620) resonances. We note finally that it is the suppressed Nη decay of
the N(1650) as compared to the large Nη branching fractions of the nearby N(1535) and
N(1710) resonances that presents the main difficulty for finding an explanation for the
selectivity of the η decay branching ratios in terms of a phenomenological baryon field
theory, which does not take into account the internal structure of the baryon resonances.
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